INTRODUCTION
The ostrich is a native bird from Africa, which, over the years, had its inception expanded to other continents. South Africa is the country with the world's largest expression today in ostrich creation, leaving Brazil in the second place. A female ostrich is able to producing approximately 60 eggs per year. Each ostrich egg weighs approximately 1.5 kg [1, 2] . The ostrich egg has features that ensures nutrition and safety for the fertilized embryo. The calcium present in the shell is an important source of nutrients for the developing embryo, while the thickness of 2 mm provides protection against predators [3] . Structurally, this egg shell is composed of three layers called: cuticle (outer layer), spongy layer, and lamellar layer. All of them have close relationship with the constituent proteins and proteoglycans, representing 2% of the total weight of the eggshell [4] [5] [6] . Still, according to the authors, these proteins linked to calcite crystals should influence the strength of the eggshell, by creating a natural polymer-ceramic composite, similar to bone. Regarding the composition, 97% of the ostrich egg shell are of mineral origin distributed among calcium carbonate, calcite (97.4%), magnesium phosphate (1.9%) and tricalcium phosphate, TCP (0.7%) [3] . Among the proteoglycans present in the eggshell, osteopontin is a protein that plays a significant role in calcification of osteoblasts, enhancing the adhesion to the matrix and by binding to hydroxyapatite (HA). Durmus et al. [5, 6] demonstrated good biocompatibility and regenerative potential of pure shell of particulate egg to fill critical defects created in calvarial rabbits. In addition, the use of CaCO 3 , the main constituent of ostrich eggshell, has been proposed as calcium source in the synthesis route of hydroxyapatite. The use of calcite from ostrich eggshell is a cheap and sustainable route for the production of synthetic bone fillers [2] .
The incorporation of certain elements may alter the structural properties of hydroxyapatite and thus interfere with its biocompatibility [7] . Different elements can provide positive or deleterious effects to the human body. About 24 elements are considered essential for mammalian life: H, C, N, O, F, Na, Mg, Si, P, S, Cl, K, Ca, V, Mn, Fe, Co, Ni, Cu, Zn, Se, Mo, Sn and I. There is not a consensus on that list; however, it is known that each of these elements, at nontoxic doses are relevant to the physiological balance [8] . Among these elements, zinc, a divalent cation, emerges as an essential mineral present in the human body, in sufficient quantities, to play important roles in order to contribute to its homeostasis. Zinc is considered, among the transition metals, the second ion longer present in the human body, after iron ion [8] . Some functions are related to zinc presence and are classified as catalytic and structural functions, such as osteogenic stimulation and activity; and inhibiting osteoclastic activity [9] . About 10% of the proteins encoded by the human genome (a proteome) have potentially zinc binding sequence, which means that zinc is essential to the physiology of these proteins [10] . The combination of zinc to the HA in the construction of ZnHA contributes to formation of a functional biomaterial, which is interesting in bone regeneration processes. Also, the refurbishment and replacement of biomaterial by native bone tissue are critical steps [11] . Kawamura et al. [12] showed the important influence of ZnTCP/HA in bone formation in critical defects created in femur of rabbits, with a 51% increase in new bone formation after implantation of a content of a ZnTCP/HA graft with 0.316% by weight of zinc, compared to TCP/ HA without zinc. Sogo et al. [13] reported an increase in osteoblast proliferation with ZnHA when compared to HA in vitro assays.
The present study shows a new route for the preparation of precursor solutions for the synthesis of hydroxyapatite and Zn-substituted hydroxyapatite. The presence of proteins during hydroxyapatite and substituted apatites during the synthesis can alter morphology, thermal stability and resorbability of the produced powders [14] . In addition, the produced powders can be used before and after heat treatment, and the final products obtained after heat treatments depend on the synthesis method.
EXPERIMENTAL
The first step in the methodology of this study consisted of investigating the raw material (ostrich eggshell). To do so, morphology of the ostrich shell was investigated by scanning electron microscopy with field emission gun (FEG-SEM) and X-ray dispersive spectroscopy (EDX). Fig. 1 shows the morphology of the external (a) and internal (b) part of the asreceived egg shell. After SEM assessment, the eggshell was milled in a mortar and analyzed by X-ray diffraction (XRD). Fig. 2 shows the XRD pattern of the ground material, revealing the presence of pure CaCO 3 (calcium carbonate).
After having confirmed that the eggshell was composed by CaCO 3 , the synthesis reaction was performed using eggshell as the calcium source. In order to obtain a material with a Ca/P ratio equal to 1.67, the reagent solutions were prepared with molar ratio of Ca/P= 0.5/0.3, i.e. 0.5 M Ca(OH) 2 powder obtained by maceration and sieving was dispersed in deionized water under stirring in order to produce a 0.5 M CaCO 3 solution, according to the route described by [15] . 2 with 98% purity was added to the reaction considering a theoretical calcium site substitution of 2% zinc in the HA structure. This value was chosen based on previous studies [16, 17] , in order to avoid the presence of ZnO after heat treatment. The HA and ZnHA precipitates were decanted before filtering and washed three times with deionized water, with the aid of a vacuum pump. The filtered cake was dried at 60 °C and sieved at 250 mesh. The powders were then pressed into pellets, at 100 MPa, and heat treated at 700, 900 and 1100 ºC for 2 h. The thermal treatment was performed using an EDG furnace at a heating rate of 5 °C/ min. The obtained powders were analyzed by X-ray diffraction (XRD) in order to determine the phases present. XRD analyses were performed in a Panalytical X´pert system operating with CuKa radiation (l= 0.1542 nm) at 45 kV, 40 mA, step 0.05º and 1 º/min from 5º to 80º. 
RESULTS
The analysis by FEG-SEM showed nanosized crystals for HA and ZnHA powders calcined at 700 °C. Sintering at 900 and 1100 °C led to the growth of submicrometric and micrometric grains, respectively. Figs. 3a to 3c correspond to HA disks heat treated at 700, 900 and 1100 °C, respectively; Figs. 3d to 3f correspond to ZnHA disks heat treated at these temperatures. (Figs. 4a and 4b , respectively). The phase analysis for HA sample calcined at 700 °C showed the presence of a single phase hydroxyapatite (Fig. 5a) . The analyses for HA samples sintered at 900 and 1100 °C showed the presence of hydroxyapatite and whitlockite (Figs. 5b and 5c, respectively), indicating that heat treatment at these temperatures caused decomposition into whitlockite. For the ZnHA samples, the XRD patterns of the samples calcined at 700 °C and sintered at 900 °C revealed the presence of three phases identified as hydroxyapatite, zinc oxide (zincite) and calcium oxide (lime) (Figs. 5d and 5e , respectively). The ZnHA sample sintered at 1100 °C revealed the presence of two phases identified as hydroxyapatite and calcium oxide (lime), Fig. 5f .
The FTIR spectra of the as-synthesized HA samples revealed the presence of high intensity bands characteristic of phosphate group at 1089, 1034 and 962 cm -1 , as well as the typical band characteristic of OH -groups at 3570 cm -1
. In addition, bands due to the presence of water were observed at 1643 cm -1 , and carbonate groups at 1443 and 1416 cm -1 (Fig.  6 ). Fig. 7 shows the FTIR spectra for the Zn-HA samples. The X-ray fluorescence assay was used to assess the chemical composition of the powders after borax fusion at 1100 °C. Table I shows the results for the elements Ca, P and Zn.
DISCUSSION
The produced powders exhibited hydroxyapatite as the only phase, as shown in Fig. 4 , despite Zn being or not present. In fact, HA substitutions may cause broadening and displacement in the XRD peaks, due to lattice deformation. In the present study, no difference between the as-synthesized powders with or without Zn was observed. Both patterns shown in Fig. 4 show broad peaks, typical of nanometric powders. For the HA powders, heat treating at 700 ºC did not induce HA decomposition, as confirmed by the XRD analysis, that presented HA as the only phase; however, heat treatment at 900 and 1100 ºC induced HA decomposition into whitlockite. The low thermal stability of HA showed by HA decomposition into TCP at 900 ºC can be associated to the carbonate presence in the HA lattice, detected by the FTIR analysis. Carbonate causes lattice distortion, affecting HA thermal stability. This distortion is not observed for assynthesized nanometric powders, as the peaks are broad independent on having or not substitutions. However, a comparison of a calcined carbonate-free hydroxyapatite with the diffraction pattern obtained for the HA sample calcined at the same temperature can show differences on peak broadening due to carbonate substitution. In the present study, only one synthesis route was used, with no atmosphere control, so that both Zn-containing and Znfree HA samples contained carbonate substitution. FTIR confirmed this finding, showing the presence of vibrational bands. It is worth mentioning that whitlockite is not a deleterious phase, as its resorption rate in vivo is higher than hydroxyapatite one. The Zn-HA powders showed a different behavior. After heat treatment at 700 and 900 ºC, the XRD analysis results of the Zn-HA samples revealed the presence of hydroxyapatite, calcium oxide and zinc oxide. However, after sintering at 1100 ºC, only HA and calcium oxide were present. This result suggest that zinc diffused to the HA lattice during sintering at 1100 ºC. In addition, data presented on Table I show that Zn was present after sintering at 1100 ºC.
For the HA samples heat treated at 700, 900 and 1100 °C it was possible to observe the decrease in intensity of the carbonate bands at 1443 and 1416 cm -1 , and water bands at 1643 cm -1 , Figs. 6b to 6d. The same trend was observed for the Zn-HA samples (Figs. 7a to  7d ). The Ca/P ratio showed in Table I does not match HA or Zn-HA Ca/P ratio, once calcium oxide was detected at 1100 ºC, i.e., the total calcium amount refers to calcium in the HA lattice as well as calcium in calcium oxide lattice, both phases containing calcium. The absence of whitlockite for the sintered Zn-HA samples synthesized by the present route suggests a higher HA stability for the zinc-substituted samples, when compared to pure HA samples sintered at the same temperature. This finding is in disagreement with a previous study, where Cuozzo et al. [18] reported a decrease in HA thermal stability after Zn incorporation. On the present study, an effect of HA stabilization was observed. This apparent contradiction can be explained by the effect of Zn addition on HA lattice parameters. Miyaji et al. [19] reported that the lattice parameter "a" was reduced with the addition of up to 5 mol% Zn, and started to increase over 5 mol% Zn. In fact, in the present study, Zn incorporation into the HA structure was projected to be 2 mol% zinc. On the other hand, Cuozzo et al. [18] added Zn in excess. The reduction in a lattice parameter in the present study may explain the higher thermal stability observed in the present study.
CONCLUSIONS
The results observed in this study suggest a methodology, based on the use of ostrich egg shell as a calcium source for HA and ZnHA synthesis. Moreover, the technique shows a promising route for reusing a waste material as calcium source in the synthesis of HA and Zn-HA. Additionally, the incorporation of zinc to hydroxyapatite at a concentration of 2 mol% appears to have generated a more stable hydroxyapatite after heat treatment at 1100 ºC.
